Introduction {#sec1}
============

Keloid (KD) is a common pathological scar caused by skin aberrant wound healing that usually grows exceeding original skin trauma and without self-limitation. The main characteristics of KD include excessive histologic proliferation and deposition,[@bib1], [@bib2], [@bib3] "crab feet" appearance in clinic, and accompanying itching and pain. Severe cases can be followed by ulcers and even scar cancer.[@bib4], [@bib5] KDs can seriously affect a patient\'s appearance and quality of life.[@bib6], [@bib7] Currently, the treatment methods for KD include surgery, radiotherapy, laser therapy, and glucocorticoid.[@bib5] Because the pathogenesis of KD is not clear, the treatment effects are often not ideal and easily recur[@bib8]; therefore, it is imperative to explore the pathogenesis of KD and find new treatment strategies.

Autocrine motility factor (AMF), a tumor-associated cytokine, is a polypeptide produced and secreted by tumor cells.[@bib9] Many studies demonstrated that AMF was overexpressed in serum of many malignant tumors, such as melanoma, liver cancer, gastric cancer, and breast cancer.[@bib10], [@bib11], [@bib12] AMF can be combined with a receptor transmembrane glycoprotein, AMFR, in the cell membrane to stimulate cell randomization and directional movement,[@bib13] and also can promote the proliferation and metastasis of tumor cells and the formation of new blood vessels.[@bib14]

The migration of cells is related to the reconstruction of the cytokine skeleton, and studies indicated that RhoA was involved in the reconstruction of actin skeleton in the cell.[@bib15] RhoA/ROCK1 signal is involved in the regulation of angiogenesis, and the combination of the activated RhoA and its effector molecule ROCK1 can induce cell migration.[@bib16] Activated RhoA also can promote the synthesis of stress fibers.[@bib17] Y-27632, RhoA kinase inhibitor, can inhibit the activation translocation of Rho through covalent modification for Rho, and then a series of biological behaviors were mediated by the Rho/ROCK signaling pathway.[@bib18]

The RNA interference (RNAi) technique is to pair double-stranded RNA (dsRNA) with homologous mRNA through base complementary pairing principles, induced nuclease degrading mRNA at binding site, and quickly blocking the corresponding gene expression.[@bib19] Its high specificity, efficiency, selectivity, transmissibility, and heritability, as well as high stability, make RNAi technology a powerful tool for gene silencing.[@bib20], [@bib21], [@bib22], [@bib23]

In this study, we found that AMF was overexpressed in human KD tissue, and can promote the proliferation and migration of KD fibroblasts and the formation of collagen in KD tissue. We injected the lentivirus loading AMF siRNA into the subcutaneous KD tissue of the nude mice, and found that it can effectively inhibit the growth of KD. In conclusion, AMF can be used as a new target for KD treatment, and AMF siRNA is expected to be a new strategy for treatment of KD through inhibiting the RhoA/ROCK1 signaling pathway.

Materials and methods {#sec2}
=====================

Samples and ethical approval of the study protocol {#sec2.1}
--------------------------------------------------

KD samples (10 cases, 16--36 years old), hypertrophic scar (HS) samples (10 cases, 21--48 years old) and foreskin (FS) samples (10 cases, 7--19 years old) were obtained from the Second Affiliated Hospital of Chongqing Medical University. The samples had no infection or ulcer ([Supplementary Material, table](#appsec1){ref-type="sec"}), and informed consents were signed. This study was approved by ethical committee of the Second Affiliated Hospital of Chongqing Medical University (Chongqing, China).

Tissue immunofluorescent staining {#sec2.2}
---------------------------------

The human KD tissues, HS tissues, and FS tissues were taken out of liquid nitrogen and placed in frozen section, fixed with acetone for 30 min, washed with PBS for 3 min, blocked with 10% goat serum for 30 min at room temperature, and excess serum removed. Next, the tissues were incubated with primary antibodies against AMF monoclonal antibody (1:100, Abcam) at 4 °C overnight, and washed with PBS 3 times for 10 min each. Slices were incubated FITC-conjugated secondary antibodies (1:200, Abcam) for 1 h at 37 °C in a wet box away from light, then washed with PBS 3 times for 5 min each. The slices were examined using an inverted fluorescence microscope (Olympus, IX53, Japan).

Primary cell culture and animal model {#sec2.3}
-------------------------------------

Fibroblasts from KD, HS, and FS were isolated and cultured as described previously.[@bib24] Culturing was maintained in DMEM (Gibco, USA) containing FBS (10% *v/v*), penicillin (100 U/mL) and streptomycin (100 μg/mL) at 37 °C in a humidified incubator in an atmosphere of 5% CO~2~. Cells were subcultured with 0.25% trypsin when reaching 80%--90% confluence and used at passages 3 to 8 for experiments. The cell numbers for all the experiments were determined using a hemocytometer.

All nude mice were pathogen free and allowed access to food and water *ad libitum*. Animal experiments were carried out with the permission of the Animal Ethical Commission of Chongqing Medical University. The KD tissues were cut into small pieces (∼5 mm × 5 mm × 5 mm). The nude mice were anesthetized with 1% pentobarbital, and the lower right shoulder blade skin was sterilized with alcohol and a 5-mm incision made. KD tissue was implanted under the skin, then the incision was sewn up. KD-bearing nude mice were allowed to grow under standard conditions for 16 days after KD tissue implantation and used for subsequent experiments.

Quantitative real-time polymerase chain reaction (qRT-PCR) {#sec2.4}
----------------------------------------------------------

To detect the expression of AMF mRNA in keloid fibroblasts (KFs), hypertrophic scar fibroblasts (HFs), and normal epidermal fibroblasts (NFs), total RNA was extracted using Trizol reagent (TaKaRa, Japan), and qRT-PCR was employed using a Prime Script Reverse-Transcription Reagent Kit (Ta Ka Ra, Japan) according to the manufacturer\'s instructions with the amplifying primer pair for AMF (5′- GCGTCTGGTATGTCTCCAACA-3′ and 5′-TGGTCTCCTGGGTAGTAAAGGTC-3′), and GAPDH (5′-CTTTGGTATCGTGGAAGGACTC-3′ and 5′-GTAGAGGCAGGGATGATGTTCT-3′) served as an internal reference. The complementary DNA was amplified with the SYBR Premix Ex TaqTM Kit (Ta Ka Ra). The PCR amplification cycles were programmed for 3 min at 95 °C, followed by 40 cycles at 95 °C for 10 s and 30 s at 55 °C. The change in the expression of the target gene (AMF) was calculated relative to the mean critical threshold (CT) values of the GAPDH gene.

SDS-PAGE and western blotting analysis {#sec2.5}
--------------------------------------

Western blotting analysis was employed as described previously.[@bib9] KFs, HFs, and NFs were digested and collected, the protein lysates were separated either on 10% sodium dodecyl sulfate--polyacrylamide gel electrophoresis (SDS-PAGE) separating gels and 4% stacking gels, and subsequently transferred to polyvinylidene difluoride (PVDF) membrane. After blocking with 5% defatted milk in PBS containing 0.1% PBS-T, the membranes were incubated overnight at 4 °C with primary antibodies (antibodies against AMF, Abcam, USA) and the corresponding horseradish peroxidase-conjugated secondary antibodies (Abcam, USA) at room temperature for 1 h. The protein bands were detected by enhanced chemiluminescence reagent. β-actin was used as internal control.

Cell proliferation assay {#sec2.6}
------------------------

The stimulation proliferation effect of AMF on KFs was assessed by the CCK-8 assay. KFs were seeded into 96-well plates in triplicate at a density of 4000 cells and cultured overnight. To evaluate the stimulation effect of different concentrations (0, 1, 10, 20, and 30 ng/mL) of AMF (Genway, USA) on KFs, the control group received no stimulation, and other groups were stimulated by 50 μL corresponding AMF solution for 24 h. In addition, to evaluate the stimulation effect of the same concentration of AMF at different time points (0, 12, 24, 48, and 72 h) on KFs, each group was stimulated with 50 μL 10 ng/mL AMF. Twenty-four hours after stimulation, 10 μL of CCK-8 reagent (Dojindo, Kumamoto, Japan) was added into each well and incubated at 37 °C for 2 h. The optical density was read at 450 nm in a microplate reader (Thermo Fisher Scientific, USA).

Transwell invasion assay {#sec2.7}
------------------------

The KFs invasion assay was employed with Transwell chamber (Corning, USA) with Matrigel, and Matrigel transwell chambers were inserted in 24-well plates. After stimulation with different concentrations of AMF (0, 10, and 20 ng/mL), 100 μL corresponding KFs suspension (1 × 10^6^/mL) was added into the upper chamber, 600 μL DMEM containing 10% FBS was added into the lower chamber, and then the suspensions were incubated at 37 °C in a humidified incubator in an atmosphere of 5% CO~2~ for 36 h. After fixation with formaldehyde for 15 min and staining with crystal violet, the numbers of invaded cells were counted in 5 randomly selected fields under microscope.

The effect of AMF on collagen I and RhoA/ROCK1 signal in human KFs {#sec2.8}
------------------------------------------------------------------

To clarify the effect of AMF on collagen and RhoA/ROCK1 signal in human KFs, KFs were seeded into a 60-mm petri dish, the cells in exponential phase were divided into three groups: control, 10 ng/mL, and 20 ng/mL. The control group was added to PBS, the other groups were added to 1 mL corresponding concentration AMF. The KFs were treated for 36 h and collected. Western blotting was used to detect collagen I, total RhoA, active RhoA, and ROCK1 in each group.

Inhibiting the effect of RhoA/ROCK1 signaling pathway on the biological behavior of KFs induced by AMF {#sec2.9}
------------------------------------------------------------------------------------------------------

The role of RhoA/ROCK1 signaling pathway in the proliferation, migration, synthesis of collagen I, total RhoA, active RhoA, and ROCK1 of KFs was explored. The cells were seeded at a certain concentration into 96-well plates, Transwell chamber, and 60-mm Petri dishes. The KFs were divided four groups: control, AMF, Y-27632, and AMF + Y-27632 group. KFs in the control group were cultured with DMEM; KFs in AMF group were treated with DMEM containing 10 ng/mL AMF for 24 h; KFs in the Y-27632 group were treated with DMEM containing Y-27632 for 1 h; KFs in the AMF + Y-27632 group were pretreated by Y-27632 for 1 h, and then treated with DMEM containing 10 ng/mL AMF for 24 h. Each group was washed with PBS three times for 3 min each; then, CCK-8 was used to detect the proliferation, Transwell assay was used to detect the cell migration, and western blotting was employed to detect type I collagen protein, total RhoA, active RhoA, and ROCK1.

Therapeutic effect in vivo {#sec2.10}
--------------------------

To evaluate the therapeutic effect of AMF siRNA on KD in nude mice, the KD-bearing mice were distributed to two groups at random (*n* = 6): AMF siRNA group and PBS control group. In the AMF siRNA group, 50 μL AMF siRNA with 0.8 μg/mL was injected into KD tissue, and the PBS control group received an injection of 50 μL PBS. The aforementioned treatment was once every 3 days, and after 25 days, all mice were killed and KD tissue was excised, the general morphology was observed, and weight was measured. The paraffin tissue sections were stained with HE and Masson, respectively.

Statistical analyses {#sec2.11}
--------------------

Data are shown as mean ± standard deviation, and were analyzed using SPSS 19.0 software. One-way ANOVA and Student\'s *t*-test were utilized for statistical evaluation, SNK-q test was used for further comparison. Differences were considered significant at *P* \< 0.05.

Results {#sec3}
=======

The expression of AMF {#sec3.1}
---------------------

The expression of AMF in normal epidermal tissue, hypertrophic scar, and KD were detected by tissue immunofluorescence staining, and the results showed that PBS-replaced primary antibody negative control group had no stain ([Fig. 1](#fig1){ref-type="fig"}A), and the stain was weak both in normal epidermal tissue and hypertrophic scar ([Fig. 1](#fig1){ref-type="fig"}B and C); however, the stain in KD was stronger than in other groups ([Fig. 1](#fig1){ref-type="fig"}D). In addition, the mRNA and protein of AMF in NFs, HFs, and KFs were detected by qRT-PCR and western blotting, respectively, and the difference in the expression of mRNA and protein of AMF in NFs and HFs groups was not statistically significant (*P* \> 0.05); however, the expression of mRNA and protein of AMF in KFs groups was higher than in other groups, and the difference showed statistical significance (*P* \< 0.05) ([Fig. 1](#fig1){ref-type="fig"}E and F).Figure 1The expression of AMF. The tissue immunofluorescence staining in the PBS negative control group (A), normal epidermal tissue (B), hypertrophic scar (C) and KD (D). Scale bars: 500 μm. The mRNA (E) and protein (F) expression of NFs, HFs, and KFs. \**P* \< 0.05.Figure 1

AMF stimulation promoted proliferation and migration of KFs, synthesis of type I collagen, and upregulation of RhoA/ROCK1 signaling pathway {#sec3.2}
-------------------------------------------------------------------------------------------------------------------------------------------

After stimulation with different concentrations of AMF, the proliferation of KFs was detected by CCK-8. The absorbance value was increased in the 1 ng/mL group, but compared with control group, the difference was not statistically significant (*P* \> 0.05), in the 10 ng/mL group, the absorbance value was significantly increased (*P* \< 0.01), with increasing of concentration (20 and 30 ng/mL) of AMF, the absorbance value increased more significantly ([Fig. 2](#fig2){ref-type="fig"}A). In addition, the proliferation of KFs was observed at 0, 12, 24, 48, and 72 h after using 10 ng/mL AMF to stimulate KFs. The results showed that with the extension of time, the absorbance value increased, and compared with the control group, the absorbance value in the 12 h group was increased and the difference was statistically significant (*P* \< 0.05) ([Fig. 2](#fig2){ref-type="fig"}B). The results of migration assay showed that the number of KFs under transwell chamber in AMF stimulation groups was significantly increased, and with increasing of concentration of AMF, the number of KFs was increased, and the difference was statistically significant ([Fig. 2](#fig2){ref-type="fig"}C). After stimulating with different concentrations of AMF for 36 h, compared with blank control group without AMF stimulation, the total RhoA protein in the 10 ng/mL and 20 ng/mL groups was not statistically significant (*P* \> 0.05), but the expression of active RhoA and its downstream signal molecule ROCK1 were significantly increased (*P* \< 0.01), and increased with increasing concentration of AMF ([Fig. 2](#fig2){ref-type="fig"}D).Figure 2The effect of the stimulation with different concentrations of AMF at different times on KFs. The absorbance value of KFs after stimulation with different concentration (A) and different time points (B), the migration of KFs (C), and the expression of the protein of collagen I, total RhoA, active RhoA, and ROCK1 (D). \**P* \< 0.05, \*\**P* \< 0.01.Figure 2

The effect of inhibition of RhoA/ROCK1 signaling pathway on the biological behavior of KFs induced by AMF {#sec3.3}
---------------------------------------------------------------------------------------------------------

After pretreatment with Y-27632, compared with the control group, the absorbance value ([Fig. 3](#fig3){ref-type="fig"}A), the number of migration KFs ([Fig. 3](#fig3){ref-type="fig"}B), and the expression of type I collagen, active RhoA, and ROCK1 in the Y-27632 group were sharply decreased ([Fig. 3](#fig3){ref-type="fig"}C), and the difference was statistically significant (*P* \< 0.01). Compared with the AMF group, the absorbance value, the number of KFs, and the expression of type I collagen, active RhoA, and ROCK1 in Y-27632 + AMF group were significantly decreased, and the difference was statistically significant (*P* \< 0.01).Figure 3Effect of RhoA/ROCK1 signaling pathway on the biological behavior of KFs challenged with Y-27632. The absorbance value (A), the number of migration KFs (B), and the expression of collagen I, active RhoA, total RhoA, and ROCK1 (C). \*\**P* \< 0.01.Figure 3

Therapeutic effect in vivo {#sec3.4}
--------------------------

Finally, we tested the in vivo therapeutic effect of AMF siRNA, and the effect of AMF siRNA inhibited KD growth significantly, the nude mice were killed and KD was isolated, and the surface of KD tissue was covered by a thin film, which can be seen in the interlaced network of small vessels ([Fig. 4](#fig4){ref-type="fig"}A). The weight of KD tissue in the AMF siRNA group was 101.6 ± 5.2 mg, and it was 128.1 ± 7.9 mg in the PBS control group; the difference was statistically significant (*P* \< 0.05) ([Fig. 4](#fig4){ref-type="fig"}B). In the PBS control group, HE staining showed tissue with wide, eosinophilic, refractory homogeneous lamellar collagen fiber deposition, closely arranged disordered arrangement, nodular or spiral in shape, and rich in capillaries; however, in the AMF siRNA group, the flaky collagen fibers became thinner, less dense, nodular, and swirled, and decreased microvessels ([Fig. 4](#fig4){ref-type="fig"}C). Masson staining indicated that a large amount of collagen in tissue sections in the two groups was dyed blue, and the blue collagen clusters in the PBS control group was in a coarse, disordered arrangement, with multiple visible blood vessels; in the AMF siRNA group, the collagen was relatively fine, with loose arrangement and few blood vessels ([Fig. 4](#fig4){ref-type="fig"}D).Figure 4The therapeutic effect of AMF siRNA on KD in nude mice. KD-bearing mice and KD specimens (A), the weight of keloid (B), HE staining, Scale bars: 25 μm (C) and Masson staining, Scale bars: 50 μm (D) at the end of different treatments. \**P* \< 0.05.Figure 4

Discussion {#sec4}
==========

KD is a common disease in plastic surgery that has a long course and difficulty healing. Patients often experienced pain and itching as the main symptoms \[5\]. KD often affected facial or limbs appearance or caused dysfunction in the joints and other parts of the body, which seriously affected quality of life.[@bib25] The growth of KD without self-limitation is a process of the migration of fibroblasts from the original growth site to normal skin.[@bib26] The main features of KFs are excessive proliferation, antiapoptosis ability, and excessive synthesis and deposition of collagen.[@bib27], [@bib28], [@bib29] KDs have a rich blood supply and are associated with tumor-related genes and cytokines such as TGF-β, VEGF, and CTGF, and its pathogenesis has gene regulation similar to that of tumor; therefore, KD has biological characteristics of malignant tumor.[@bib25] The pathogenesis of KD is not clear[@bib30]; however, the clinical treatment of KD cannot be cured completely, and the recurrence rate remains high.[@bib30], [@bib31]

AMF was originally isolated from human melanoma cell lines, elevated in the body fluids of patients with multiple malignancies. AMF is closely related to high transfer characteristics of various cells,[@bib32] and can stimulate cell movement effectively. In this study, the results indicated that the expression of AMF in KFs was significantly higher than that of NFs and HFs, and the stimulating proliferation effect of AMF on KFs was concentration-dependent and time-dependent, with the increase of concentration of AMF and prolonging of stimulation time, the proliferation ability of KFs became stronger and stronger; in addition, AMF can also effectively promote the migration of KFs. Hence, AMF is expected to be a potential target for treatment of KD.

RhoA is one of the members of the family of guanosine triphosphate and plays an important role in cell proliferation and skeleton rearrangement.[@bib33] The previous study indicated that AMF stimulated the melanoma cell A375, which could significantly increase the activity of RhoA, with the downstream molecule ROCK1 increasing[@bib9]; after RhoA inhibitors, the activity of RhoA was significantly inhibited. This study demonstrated that the proliferation and migration of KFs were significantly inhibited through Y-27632 treating KFs, which indicated that RhoA/ROCK1 signaling pathway played an important role in proliferation and migration of KFs. In addition, compared with the Y-27632 + AMF group, the Y-27632 group showed stronger inhibition migration ability, which further declared that AMF was a promotion factor in the progression of KFs.

Gene therapy is a novel and tremendous potential method of researching and treating disease. RNAi, one of the most effective gene silencing technology methods,[@bib23], [@bib34] has attractive characteristics including high efficiency, specificity, position effect, and transmissibility. Lentiviral vector, an emerging viral vector, has strong carrying capacity, high transfection efficiency, and no immunogenicity.[@bib35], [@bib36] In this study, AMF mRNA was as a target sequence, AMF siRNA was designed, and lentiviral vector was selected as the carrier to import AMF siRNA into KFs. We found that AMF siRNA could effectively inhibit the growth of subcutaneous KD in nude mice.

In this study, we first revealed that AMF is an activator of RhoA, and speculate that the RhoA/ROCK1 signaling pathway plays an important role in the occurrence and progression of KD, and AMF siRNA, through silencing AMF gene, can effectively inhibit expression of AMF in KD, and finally inhibit the progression of KD. In conclusion, AMF siRNA is expected to be a novel strategy for treatment of KD through inhibiting the RhoA/ROCK1 signaling pathway.
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